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TECHNICAL DISCUSSION

The scientific snd engineering background underlying the ultimaté
objectives of the pfogrem for whiéh this proposal is submitted as a feaslbility
1ﬁvestigation effort is divided into two problem ereas:

(1) - The design and development of a stra}ghtforvard, safe, and reiiable
1iquid bipropellant propulsion system having the unique characteristiocs
of minimum exhaust gas IR radietion. |

(2) The ultimate development of IR detector systems capable of locating
an IR source having e spscified magnitude of IR emission.

.The state-of-tha~ar£ in the field of bipropellsnt liquid rocket
engines is at the level where straightforward engineering approaches will
yield a reliable and operational rocket system only with the use of
non-cryogenio pure chemiocsls in the propellant system. This statement, as
get forth, is related to the rocket hardware only. The problems assoolsted
with tankege for hypergolic propéllents igs the only risk area from the stsnd-
point of eventual development of ssfs and ralieble airframe design and operation.
‘I'4s is primerily a specificaetion problem involving myriéd ongineiring

deteis and is not associated with any basio physioal phenomena other than
the it that hypergolic.liquids are intensively reactive chemicslly and
hencetraightforward and rigorous means must be followed in the development
of thianks required to ocontain the propellents.
1 the rocket engine field there have been many intuitive arguments
advenOyoncerning the specific properties of certein propellant systems and

hov théproperties enhance the safety and relisbility oharacferistios of

Approved For Release 2011/01/11 : CIA-RDP89B00709R000400840011-1



Approved For Release 2011/01/11 : CIA-RDP89B00709R000400840011-1

\

Exhibit A SR y Page 2 o1

the ultimste rocket propulsfon system. One among these characteristics
purporting to enhance safety and reliebility standards hes been the propcesed
uselof propellant systems having narrow o/F ignition limits. It seems to bs
coming increasingly olear that this ooncept 18 not on & firm soientific
footing es onoce proposed and that the safety standards (which means oxplosion
hazerd) of the ﬁropellant system are more firmly enchasnoced by the use of
chemicals which are intensely hypergolic, the more s§ the better. The
property of%hypargolicity insures scoceptable combustion stebility standerds
vith reletively ungophisticated injector designs, mesning quality of
propellant spray struoturé. In eddition, the accumulation of fuel or oxidizer
in the propellent chamber constitutes 1ess of a hazard, which fast hes been
demonstrated by many research and development projects in the field of ohamber
design where ever these projects have used chemicals which are extremsly
hypergolic.

The use of hypergolic propellants admittedly constitutes a problem
from the standpoint of tankage and propellant handling,equipment in gonfined
Jvolumos such as 15 en airfreme fuselsge. This, however, is an engineering
problem ihioh can be handled in an engineering manner in comparison with
instability problems in chambers using unsaturated hydrocarbon fusls or
freezing probléms in propsllant handling equipment uging eryogenic oxidizers.

Conseqhently, it seems apperent that seoond-generation liquid rocket
engine systems seem headed for the use of hypergolio, storable, non-cryogenic
liquid prqpsllants. It seems further épparent that such systems éhould bav
used in th; first attempts, at this stage of stete~of-the-art, in rocket
powered, manned aiforéft be this aircraft en air-cruising vehicle or spéoe

~vehicle.
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There has_begn a sad neglect of storsble 1liquid propellant systems,
which error on the part of the Military Servioas ia now being roalized; For
some tims, there hss been gvailable the propellant system which all experienced
workers in the field recognize as the most effective system for bipropellant
liquid rocket appliéatiqne. This system is generalized ss a lsrge olass of
organic end inorganic emine fuels with nitrio acid. The system whioh shows
today the grestest degree of devslcpment potentisl or opeiational status is
nitric aold with either hydrazine or unsymmetrical dimethyl hydrazine. It
‘13 qpparent now that the achievement of the highest degree of safety and
reliability of liquid rooket systems will be operationally aohie&ed with
the aoid-based, hygergolie systems usging sither of the above two fuels or,
alternatively, mixed smine (MAF) propellants.

The second important problem aree is assooiated with the emission of
radiant energy by the exhaust gas jet in the IR speoirum. Operstional
gystems have in thé past used cerbon bearing fuels which, when used with
eilther acid or LOX, give rise to long tall-.plumes containing incandescent
oarb@n particles. The exhsust geses 4in such rookets, in addition to containing
the carbon particles, ocontain carbon dioxide, water vapor, and various free
redicals suoh as OH. The emissivity of the incandescent ocarbon partioles,
being close to that of black body radiation, is 10,000 times greater in
kilowatts per square centimeter at 6000° Kelvin then the emissivity of the
gaseous produots of combustion. The inference in such a oomparstive figure,
and the fundamentel concept that should be followed, is that there should be
no carbon atoms used in the propellant systems in order Yo minimize IR radiant
: energy. It is proposed that such a step be followed by the use of pure
hydrazine, N2H4’ and that this be qualitatively demonstrated by the use of

UDMH, (CHS) NNH,. In addition to the use of such & fuel, it is postulated

s AN T
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thét if & roocket chasmber h&s 8 large L* and en over expanded nozsle for spaos
application, thet these two steps will, respectively, establish completion

of combustion befors the gases enter the exheust nozsle and yeduotion of

the exhaust gas statio temperature to values where recombination of dis-
asgoclated products of combustion will have besn totally effected before

the exhaust gas exits from the nozzle dischargs. In this last case, the
radistion which is ¥nown to ogcur from dissooisted gases will be minimized
and perhaps eliminated.

This discussion has been qualitative insofar ss concerns those measures
which may be takoh trom_the engine standpoint in order to minimize IR emission.
However, 4t should be realized thet over-emphasis in propoqod solution§
pertaining to the emission problems may well occur if due attention is not
given to éhe state-of -the-art of IR detection from ground stations particuleriy
in the forward homiéphnro. It is wéll known that current projeots are in hand
designed to achieve very sensitive IR detectors in spsace. Tnat is, the
detectors must be in space as well as the IR source. Under suoh ciroumstances
workers in the field hope to achieve lock-on distances betweenAloo and 1000
miles. However, for groﬁnd-looated IR detectors, the IR radistion from high
tempersture 002 and Hao molecules in speoo‘ero attenuated by the aarth's
atmosphere such that it seems next to impossible to locets a high aititude
IR scurce of the order of megnitude and general physical sigze that this
project is associated with. Hence, the statement that it is possible that

Aw;fqu,muqh attention can be paid to the engine side of IR redietion ana not
sufficient attentlon to ihe deteotor side. The ultimate sclutlon to this

problem is one which is pertially defined by missions end rolos.A
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For @& perdod of six {6) months the Contractor shall provids services for the
execution of a systoms feasidility study directed towerds the ultimate development
of a thmottlasable liguld bipropellant rocket engine capable of generating propule
sive tiarush under steady state opermting comditlons. Cortain unique capabilities
of tho ultdmate bocdvere system sre required by the end-point epplication. It will
be thn oposs of thic contract to explora the feasibility of realizing thweso ulti-
wete sysbem cepnbilities,

e fonaibility study will consist of the following specific iteme of work:
Tn 3

We Conkrachar ohpll conduct a prelimfnery design studr ol o Mgudd rocket
propuloion system using hypergolic propellsnts, the system laving a throttleeble
¢heust range of approximatoly 4:1. The naximun thrust shall be approximately 5,000
ibo. Tho design study, done in concert with the wompans sysiens menufacturer de-
signated by the Burcen of Aeronsutics, will include examination of all pertinent
subsystens for the relisble end sefe operation of @ primary hypergoilc bipropellant
swopulsdve system. This study shell include exsuination of progeliant pexlurmance,
conponant and subsystem welghts, propellant utildzation as Jdetermined by tenkage
roguiremants, propellant handiing turbo-uachivery. control requirements, otc. The
objective of this preliminavy design study will be to determine tie logical course
of dasign for the ultimate development of the prototype aystem snd shall include
jtoms of projected cost and time reguirements.
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“{Continued)

Iten IT
The wlitizate prototype systam $o bo delineated in the prelininary dosign study
t0 bo sccomplished under Ytem I sbove must pousess characteristics not yebt fncorw
posated in existin: operotional dquid rocket angine aytems sithough theso desired
wracteristics eve within state-of-thu-ort possibilities. In order o incresse
Wio valddity of She work to be sccomplished wunder Ytem I, the Contractor sbeld pore
forn an experimentsl progran using & duplicete of a water-codlsd chenber that the
Contractor hag on hand having bean previously daveloped for other oxperdmontsl ine
vestizations. Tals dunllcate chambor g She Haghoes RID pockai engloe capable o0 a
mavdine thrust of (00 to 1000 pounds. The expsrimontal drogra shall sonciat of the
foliouwing main Investlpation avcast
£o The Contractor shall investigate the fomsidility of ultimately achisving
& regeneratively cooled chamber capeble of at lasst 30 mioubos operation
witnout bwrpout. Pralininery demonuioosion of $0ia witispte capability
shall be asccompilohod by oporation of the Contractor'c XIU wmtar-coolad
rocket ongzive ab the 600 pound thrust level 2or zun dwabions ol eppooxi-
matoly five {5) nimtos each thus assucing scideverent of tanperabure
oguiiibriuws. These endurance demonatratlon runs shall not be conducted
separatoly btut rather shall be included with other measuronents such as
3%_} s IO emission, and stop-sterd cyeling which ave specific
fooms dn thisscope of vork as detalled below, The total actumiintaed opere
abing tiwe shall be o minloue of 50 minutes.

performance {
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B. The Contractor chall porform thrust and propellant flov messurements in

the R19 chamber in order to cvaluate sea-level Eapfar two fuels used with
RFHA {commercial grades) es the oxidizer. The two fuels shall be hydrae
sdne and unsymetricsl dlmethyl hydrazine (UDMH). |

The Contractor slall Incorporate provisions m%hin the charber st ay-

~oten fo onder to domonatrate stert-ntopeorestart clinmber operation. Thase

provislons ahadl dnclude only conventionnl valve oystems and shald nod ine

‘cm any proviolons or simulated provisions for propelisnt focd which could

zaertaiu to the ultinate prototyps system. The nuwber of start-ctop-resitart
We&éa ghall bo dncorporeted with the other specific ftemy of thic Scopo of
Yok (aproowimate mwber, 10).
Tho Contractor shald investdgate the dmportant rchlon erca of job exioust
lotoral 1N emdsslon with the objective of esteblishiog the Toasibility of
designing an ultiate prototype rocket chamber substantially froe of redfent
ensrgys in lateral directions, in the IE band as datectoble dy groumde-loeasted
1R detectors. The investipation of this problem erea will be conducted by
two (2) stepss
(1) The 219 chember will be run vith lydrasine (& cerbon frse molecule)
ond red fuming nitric acid (GFHA). The chamber, which shell be equip~
ped with o sco-lavel nozzle, will have added to 4t a cylindrical chield
of the adme length ss tho spplleabls space nozals surrounding the

- SECRET
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OCOPE O 1ORK
{Conbimnd)

oxisting oxhsust gas jot., Hesouremeats of I3 endscion norpal to the
Jet will then be made downstesn of the shield. The results of these
measyrenents will be extrepolated to space conditions pertaining to
the use of the space nozsln.

{2) Tho tost outlined sbove will bo repeated using wnoyrxetricnl dimethyl
hydrasine (GHH) in ordsx to estebleh o basis of cparicon of
sintliar fuels with end without carbon atoms.

iton YIX |

T Coptracbor shall oubods 4o triplicese informal .mn%hz,g Iattor nromress
reports oublining (he ropulds of the dnvestipedion for the yrevious nonth and the
woonosed future oiops for dho succoeding mopth. This oontlily @ouord will be oube

pdtbed to the Burean of feronautics, Code AP-011, Attentlon: A. D. Strubls.

Ttem IV | %LLMQILL{WA‘;@"L@:@ :
The Contractor shall cubmit in tripidember an INPesml Tingl report coverdng
the work of Iteus I and IZ ebove. Deldvery chall be made in accordance with Ttem III.

ﬂ q.( “ﬁ%&@% /L(,f@/g,./;@ Ma’f&* he a—
M.Ww@&«m/é&v wﬁﬁ,

SECRET

Approved For Release 2011/01/11 : CIA-RDP89B00709R000400840011-1



Approved For Release 2011/01/11 : CIA-RDP89B00709R000400840011-1

Item I
Item II
Ttem IV
iten V

SECRET

REBIBIT Vg
Ref: 58T-0456/1111

Page 1 of 1
DELIVERY SCHEDULE

Three months from date of go shead
8ix menths fyom date of go ahead
Monthly

Concurrent with I end II
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GOVERNMENT PURNISHED PROPERTY
. Pounds
| .
Hydravine, uaau 3,000 47(76 O
Unsymmetrical dimethyl hydrazine (cns) HNE, 700 1O s
4 2 .
EFRA 5,000
| 8 505 - 47 S0
. T o0
R S
fl/ -r"f;:,&/ ~ U
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Page 1 of 2
itew 1

Engloeering Analysis 500 hre @ $5.07 $ 2,535.00
Publications 50 hrs 8@ $3.58 179,00

- $ 2,T0h.00

Overhead @ 139% | 3, 00R.46
3 6,486,456

Travel 500.00

' $ 6,986.45
3 7,678.12

Fixed Fee @ 65 460,69

Total $ 8,136.8

SECRET
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Page 2 of 2

COST BRE
] nued
Itews 311, TIY, IV

Engineering 270 brs @ $5.07 » 1,368.90
Test 1800 hrs @ $3.78 6,804.00
Shop 402 hrs @ 83.09 k,326.00
Publications 200 hre @ $3.56 736,00
$13,204.90

Ovarhead @ 139% \ 18 L
$31,583.61

Haterial ' 4,000.00

| L]

$35,583.61

C&AS 9.9 3,522.76
$39,106.39

Fixed Fee G 6

26,38
%1,&é‘ 17

dl Js2. 77
¢ 137, 8/
4 97 50,

52634L§5
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